A Suspended Array of Square Patch Metamaterial Absorbers for Terahertz Applications  by Torun, H. et al.
 Procedia Engineering  120 ( 2015 )  20 – 25 
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015
doi: 10.1016/j.proeng.2015.08.557 
ScienceDirect
Available online at www.sciencedirect.com
EUROSENSORS 2015 
A Suspended Array of Square Patch Metamaterial Absorbers for 
Terahertz Applications 
 
H. Toruna,b*, S. Sadeghzadeha, H. Bilgina, A. D. Yalcinkayaa,b  
 
a Department of Electrical and Electronics Engineering, Bogazici University, Bebek 34342 Istanbul, Turkey 
 
bCenter for Life Sciences and Technologies, Bogazici University, Kandilli 34684 Istanbul, Turkey 
  
Abstract 
A suspended array of square metallic patches on a thin dielectric layer is introduced as a terahertz absorber. The  
absorber is fabricated on a metalized substrate and the device exhibits metamaterial behavior at specific frequencies determined 
by the size of the patches. It is feasible to place patches with different sizes in an array formation for a broadband absorber. 
Design of the absorber is described using electromagnetic simulations. The absorber structure was fabricated on a silicon wafer 
and its characteristics were measured using a terahertz time domain spectroscope. The measured data match well the simulations 
indicating strong absorption peaks in a band of 0.5-2 THz.   
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1. Introduction 
Metamaterials are patterned sub-wavelength sized structures that are usually made of dielectrics and metals. They 
exhibit strong resonant behavior when they are excited with electromagnetic waves and the resonant frequencies are 
determined by the geometries of the patterned structures. Metamaterials with different geometries and sizes have 
been introduced for a wide range of bands in electromagnetic spectrum spanning from microwave to terahertz and 
visible frequencies. The wavelength of the radiation at 1 THz corresponds to 300 μm, so it is feasible to fabricate 
metamaterial structures for terahertz applications using standard UV photolithography. In addition, most of the 
materials used for the realization of metamaterials are compatible with micro fabrication technology. Consequently, 
a wide variety of metamaterial microstructures have been presented for terahertz applications. Variety of imaging 
and spectroscopy applications in terahertz band has been increasing rapidly including detection of explosives, 
surveillance and medical screening. High performance terahertz absorbers enable developing new devices for these 
applications. 
 
  
Fig. 1. Three-dimensional drawing of the metamaterial-based terahertz absorber structure. 
 
Metamaterial-based terahertz absorbers have been employed that exhibit a magnetic or electric resonance at 
desired frequencies. Different geometries have been demonstrated including split-ring resonators [1,2], Swiss 
crosses [3-5], concentric rings [6], square patches [7-11], and circular disks [12]. At resonance, these structures can 
absorb radiation with high efficiency. Unity absorption is observed with metamaterial absorbers at terahertz 
frequencies [13]. However, the absorption band is usually very narrow. As an example, the full width at half 
maximum (FWHM) of the absorption peak is 0.1 THz for an absorber at 1 THz [13]. Structures with different sizes 
are combined together to increase the number of absorption bands for broadband absorbers. Similarly sized square 
patches are located in a planar array [7] or are stacked on top of each other with dielectric spacers in between [8,11] 
to increase the number of absorption bands. Similarly, concentric rings are used for the same purpose [6].   
In this paper, we present a metamaterial-based terahertz absorber employing metallic square patches with 
different sizes. Fig. 1 shows a three-dimensional drawing of the absorber structure on a silicon wafer. The metallic 
patches are fabricated on top of a patterned Parylene layer that is suspended over a metallized substrate. The 
intended configuration for the absorber is when the wave vector is perpendicular to the device as shown in Fig. 1. 
Patches with different sizes are arranged on a single Parylene film and the film is anchored to the substrate. This 
configuration is desirable for terahertz detectors that requires detector structures isolated from their substrate. The 
metamaterial behavior is observed for unit cells including the metallic patches on top, blanket metal on the substrate 
and the Parylene and air spacing in between. Transmission is guaranteed to be zero with the presence of the blanket 
x
y
z
22   H. Torun et al. /  Procedia Engineering  120 ( 2015 )  20 – 25 
metal, whereas reflection diminishes at certain frequencies set by the geometry of the square patches. So, absorption 
increases at those frequencies.         
Square patches made of titanium with side lengths of 86 μm, 43 μm, 30 μm and rectangular patches with side 
lengths of 100 μm and 43 μm are designed with a thickness of 200 nm. The thickness of the blanket metal is also 
200 nm. The Parylene layer is patterned in patches of 270 μm x 270 μm with a thickness of 2 μm. The thickness of 
the air gap between the Parylene layer and the blanket metal is 5 μm. 
2. Simulation and modeling 
Fig. 2 shows the reflection, transmission and absorption spectra of the absorber obtained using commercially 
available electromagnetic simulation software (CST Studio Suite, Darmstadt, Germany). The computational domain 
includes all the structures shown in Fig. 1. Electric field is along y-axis for the simulations. Absorption spectrum 
exhibits sharp resonant peaks at 0.63 THz, 1.12 THz, 1.47 THz and 1.87 THz.  
 
Fig. 2. Simulated transmission, reflection (a)  and absorption spectra (b) of the absorber 
 
The square patch structures induce electric dipole resonances at specific frequencies. Electric field distributions 
corresponding to the resonant frequencies are shown in Fig. 3. Larger patches are associated with smaller 
frequencies. Specifically patches with 100 μm side lengths excites resonance at 0.63 THz, 86 μm patch excites 
resonance at 1.12 THz, 43 μm patches and their interactions with 30 μm patches excite resonance at 1.47 THz. The 
rectangular patches also excite another resonance at 1.87 THz.  
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Fig. 3. Distribution of electric field at a) 0.63 THz,  b) 1.12 THz, c) 1.47 THz and d)1.87 THz. 
 
 
The resonant frequency is proportional to the reciprocal of the side length of a patch [7]. At resonance, the 
metamaterial can be modeled using a parallel combination of an equivalent capacitance and inductance given in 
equation 1. 
   
where L is the side length of a square patch, teff is the effective thickness of the structure between top and bottom 
metal films, α and β are geometrical correction parameters, εeff and μeff are the effective permittivity and 
permeability of the structure, respectively. So, the resonant frequency of the absorber is inversely proportional to L 
and is independent of teff. Thus the thickness of the Parylene layer and the air gap underneath do not alter the 
resonant frequency. This is advantageous for structures where the air gap changes during operation. 
 
 
3. Fabrication and experimental characterization 
The designed absorbers are implemented using standard micro fabrication methods. Electron microscope photo 
of a fabricated structure is shown in Fig. 4. The Parylene layer is anchored to the substrate near to the rectangular 
patches. Electromagnetic characteristics of the absorber are characterized using a terahertz time-domain 
spectroscope (TERA K15, Menlo Systems GmbH, Martinsried, Germany).  
(a) (b)
(c) (d)
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Fig. 4. SEM image of a fabricated absorber 
 
 
The measured absorption peaks match well with the simulated peaks. The measured resonant frequencies exhibit 
red-shift with respect to the simulation results. The largest deviation is observed with the first resonant frequency 
where the measured frequency is 20% smaller than the simulation results. The smallest deviation is with the third  
resonant frequency by 9%.  
 
 
Fig. 5. Measured transmission, reflection (a) and absorption spectra (b) of the absorber 
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4. Conclusion  
An array of square patch metamaterial absorbers that can be used as a terahertz absorber is presented. Square 
patches with different geometries are designed on a thin layer of Parylene that is suspended over a substrate for a 
frequency range of 0.5-2 THz. Absorber devices are fabricated on a Silicon wafer and their characteristics are 
extracted at terahertz frequencies. The fabricated absorber exhibits strong absorption peaks with absorbance of 0.8 at 
desired frequencies and the absorbance of the device is larger than 0.4 in a band of 0.5-1.8 THz. 
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